Competition assay in spreading between evolved strains and reference parental strain RP437. Evolved strains (labeled with CFP; pVS129) were co-inoculated 1:1 with RP437 (labeled with YFP; pVS132).
Samples were collected at indicated positions along the colony spreading in TBSA (left panel) and fractions of both strains at each position were quantified using flow cytometry (right panels). Data in S1C ).
SUPPLEMENTAL EXPERIMENTAL PROCEDURES Strains and Plasmid Construction
pKOV was used to integrate single SNP mutation into the genome of wild type strain (Link et al., 1997) . Gene deletions were constructed by P1 transduction from KEIO collection (Baba et al., 2006) .
Kanamycin resistance cassette was removed using pCP20 (Cherepanov and Wackernagel, 1995) . GFP reporters for flhD and fliC promoters were constructed based on pUA66 (Zaslaver et al., 2006) , yielding pAM104 and pAM109, respectively. Promoter reporters for other genes were from a pUA66-based promoter library (Zaslaver et al., 2006) . pTrc99a vector inducible by isopropyl β-D-1-thiogalactopyranoside (IPTG) was used to express FliA (pBN2), FlgM (pBN3), FlgM fused C-terminally to HA tag (pBN4) or FliC (pBN5). pBAD18-Kan vector inducible by arabinose was used to express MotAB (pBN6). pKAF131 carrying sticky fliC allele under native fliC promoter (Yuan et al., 2010 ) was a gift of Karen A. Fahrner and Howard C. Berg. For bead assay, fliC knockout strains carrying pKAF131 were used.
Immunoblot Analysis of FlgM or FliC Secretion
Cell cultures were adjusted to the same density (OD 600 = 0.5-0.6) and centrifuged at 4,000 rpm for 8
min. Proteins in cell free supernatant were precipitated by 25 % trichloroacetic acid (TCA) and incubated on ice for 5 min. Precipitated proteins were collected by centrifugation (10,000 rpm) at 4 °C and washed twice with ice-cold acetone. After drying, 1X sample buffer containing 8 M urea was used to dissolve pellet for SDS-PAGE. Samples were separated on 15 % PAGE and transferred to PVDF membrane using wet blotting. Primary anti-HA antibody (Sigma) at a 1:10,000 dilution and secondary anti-mouse IgG antibody labeled with peroxidase (Sigma) at a 1:5,000 dilution were used for detection.
Regression Analysis
In order to asses relative contributions of individual independent variables on the dependent, we constructed a multilinear regression model, where the dependent variable (y) is assumed to be a linear additive function of the independent variables ( !, !, ! ) Since in the full model it is assumed that the independent variables are uncorrelated, we further constructed linear models where one of the independent parameters ( ! ) is removed from the model so that the dependent variable is
and calculated ! . The gain in ! by adding the variable is a measure of effect of the variable ! in explaining the variance of the dependent variable:
The values of ! corroborate the significances calculated from the p-values of the full model. The calculations were performed using the lm function of the software R.
Spearman Rank Correlation(ρ)
The association between each pair of variables was calculated using Spearman rank correlation (ρ). The values of each variables were ranked and the correlation between the ranks was calculated. Since rank correlation does not assume any functional relationship between the variables, it is appropriate when the relationship is unknown. The corresponding significance of the correlation value was estimated by Spearman rho test which computes a probability of the correlation value being zero. The calculations were performed by the cor.test function of the software R.
Evolutionary Algorithm
Evolutionary simulations for topologies shown in Figure 7B were performed in MATLAB using standard genetic algorithm framework (Mitchell, 1998) For the linear network with three inputs and three intermediates but one output,
For the bow-tie network,
The fitness is defined to be proportional to the exponential of the output,
and it is calculated for each individual network in the population. Notably, in our model the maximal attainable fitness of the network is determined by the number of inputs that can acquire mutations, so that it is lower for a linear network with one input but the same for the linear and bow-tie networks with three inputs.
During in-silico evolution, the networks for the next generation are selected among the parental networks with replacement following proportional reproduction with the exponential scaling (Lampert and Tlusty, 2009; Burda et al., 2010; Friedlander et al., 2015) . The fitness of the whole population is calculated as average fitness over the 500 networks. For each case the simulation was repeated for 100 different initial parameter sets so that evolution starts from a different point in the genotype space in order to avoid dependence on the initial parameter values. Median value of the fitness over these 100 different evolutionary runs was taken as a measure of the time trace of evolution.
